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Abstract: Universities play an important role among public institutions because they initiate huge
purchasing and contracting activities and contribute to sustainable development through education,
research, and day-to-day operations. Existing studies on green public procurement (GPP) practices at
Spanish universities focus on products and services. For this study, a total of 316 procedures were
collected and analysed from the calls for tenders made by Spanish public universities between 2016
and 2017. The environmental criteria involved in the tenders and their weights were classified
by subsector, geographical scope, and project budget. The results of this study show the use
of environmental criteria in the works tendered by Spanish public universities is low (19.2%) in
comparison with the results of other studies. It is therefore necessary to encourage GPP practices in
the contracting process to comply with the environmental policies that universities have defined as
part of their institutional policies.
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1. Introduction
Public procurement accounts for approximately 10 to 15% of the gross domestic product (GDP) of
developed countries [1–3], and in other countries, these values are even greater [4,5]. Public authorities
are one of the main consumers of products, services, and works—and such authorities can play
a crucial role in making consumption more sustainable [6,7].
In the World Summit on Sustainable Development (WSSD) held in Johannesburg in 2002,
an implementation plan to support regional and national initiatives was created to accelerate the
shift towards sustainable consumption and production (SCP) and de-link economic growth from
environmental degradation. In June 2003, as a consequence of the Marrakech process, the Marrakech
Task Forces were created to support the implementation of specific projects on specific sustainable
consumption and production (SCP) themes. One of the seven task forces was led by Finland and
entitled ‘Sustainable Buildings and Construction’, and its objectives included encouraging sustainable
public procurement (SPP) [8].
SPP was defined by the United Nations as a procurement wherein an organization uses its
buying power to signal preferences to the market with its choice of goods and services that meet
sustainable criteria [9]. Within the public policies of SPP, environmental aspects have been increasingly
considered [10] and have led to the concept of green public procurement (GPP).
GPP was defined by the European Commission as a: ‘process whereby public authorities seek
to produce goods, services, and works with a reduced environmental impact through their life cycle
when compared to goods, services, and works with the primary function that would otherwise be
procured’ [11].
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Green Public Procurement is supported by several international development policies and
strategies, and is an important instrument that contributes to the achievement of economic and
environmental objectives [12]. Administrations, as major consumers, can potentially orient production
and consumption trends and encourage the demand of environmentally friendly products and
services [13–15]. Although other authors, as for example Nikolau and Lizou [16], in their research
on Greece and Cyprus during the economic crisis period have pointed out that GPP is not a suitable
way to improve the adoption of environmental management practices due to the austerity measures
and budgetary cuts. In any case, the interest in GPP from administrations, as well as researchers and
academics, has increased significantly in recent years [17].
Universities are included within public administrations. They play an important role in the
category of public institutions because they conduct huge purchasing and contracting activities [18,19]
and contribute to sustainable development through education, research, and daily operations [20].
Several studies have been published about GPP practices at Spanish universities [19,21], but they are
focused on products and/or services, rather than the works of construction and facilities.
The practices of GPP in the construction sector must be studied for two main reasons: The high
impact on the environment; and the fact that it is one of the most important sectors in terms of the
amount of money spent and expertise required. The Worldwatch Institute’s State of the World 2012
states that the construction industry consumes more than one-third of global resources [22] and the
Organization for Economic Co-operation and Development (OECD) states that this sector consumes
around 25–40% of final energy consumption in the OECD [10]. In economic terms, the construction
sector represents 9.3% European Union GDP and employs 7% of the European workforce [23].
Uttam et al. [10] showed that an analysis of the uptake of GPP can be performed from three
approaches: Technical specifications; award criteria; and contract performance conditions. Technical
specifications indicate the prerequisites to submit a tender, award criteria enable a comparison of the
different tenders, while contract performance conditions are included in the contract to indicate how
the contract must be performed. Testa et al. [24] define five phases of the tendering process when
analysing environmental criteria: Subject matter; selection criteria; technical specifications; award
criteria; and contract performance clauses. Subject matter and technical specifications are usually
included in the design process of buildings, roads, or facilities—and it is difficult to determine if
sustainability or environmental protection is a minimum (normative) condition, or a desire of the
project owner. Also contract performance conditions are usually very general and common to all
types of contracts—so the analysis of the award criteria, specifically, the analysis of the environmental
criteria, is the most common method for establishing the current level of GPP practice [8,24,25].
The main objective of this study is to analyseanalyse GPP in the public works of Spanish
universities, through an analysis of the use of environmental criteria. The results contribute to
knowledge about GPP and can help rectors and/or managers of universities understand the current
situation and better develop the use of environmental criteria. The paper is divided into seven sections.
The first is the introduction on the topic. Section 2 describes research on GPP and the regulatory
framework in the European Union and Spain, and describes the Spanish university structure. Section 3
develops the method and results are presented in Section 4. The results are compared with results
from other GPP studies in Section 5. Finally, Section 6 presents the conclusions.
2. Background and Previous Findings
The current EU regulatory framework is Directive 2014/24/EU [26] on public procurement
(repealing Directive 2004/18/EC) [27]. Both standards deal with environmental characteristics
such as tendering criteria. In Spain, Directive 2004/18/EC was transposed into Act 30/2007 [28]
(which evolved to become a refunded text in Royal Decree 3/2011 [29]), and Directive 2014/24/EU
was transposed to Act 9/2017 [30], which went into effect in March 2018. Accordingly, relevant
environmental criteria must contemplate contract requirements from an environmentally friendly
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point of view, such as the reduction of emissions or noise, reduced consumption of resources, etc.
These criteria, as far as possible, should be measurable and not assessed by value judgments [8].
Many advances have been carried out on GPP in the last decade, and it has become one of the
primary pillars in the environmental and procurement policies of the European Union [31–33] and
around the world (USA [34], China [35], Hong Kong [36]), and including developing countries (for
example, Malaysia [37], Vietnam [38]).
In the European Union, Bouwer et al. [39] identified in 2006 two groups regarding the use of GPP
among the members of the European Union: The ‘Green 7’ (Austria, Denmark, Finland, Germany,
United Kingdom, Holland, and Sweden); and the ‘Other 18’. In this research, the authors carried out an
analysis from two approaches. Firstly, 865 responses from 8787 questionnaires were analyseanalysed;
and secondly, 1000 tender documents in EU countries were processed. The results show approximately
67% of the respondents reported the use of environmental criteria in procurement, while only 36% of
the tender documents reveal some environmental criteria. This finding, in which public authority staff
exaggerate the implementation of GPP, was in concordance with other authors [24,25,40].
Nissinen et al. [41] studied a sample of calls for tenders from Denmark, Finland, and Sweden
between the years 2003 and 2005 and classified the products according to the importance of the
environmental aspects included in the public procurement process—high, medium and low. They also
identified a ‘well-defined environmental criteria’ as one for which the purchasing authority has given
the information on how a criterion must be fulfilled and verified.
In Sweden, Carlsson and Waara studied green procurement in 2004 with a sample of 558 public
authorities. The results show that 15% of the 400 respondents stated that they always use environmental
requirement, 46% usually do, 27% sometimes do, and 10% seldom or never [31]. The authors also
identified several limitations on the impact on the implementation of GPP: Lack of administrative
resources (including environmental know-how); high cost of green products within lean budgets;
and the possible claims by unsuccessful bidders regarding the vagueness of environmental criteria.
Parikka-Alhola et al. [42] examined the use of GPP in Finland, Sweden, and Demark through
tender calls in 2005. They found almost one-third of the tender calls contained environmental criteria,
including environmental policy and environmental management systems requiring the fulfilment of
eco-label criteria (chemical content, recycling, or reuse systems), packaging material, and noise. They
also found that the weight of the environmental criteria was between 5–20% of the award criteria with
an average weight for green criteria of 3.3%.
In 2007, Michelsen et al. [43] studied the green procurement practices at a local and regional level in
Norway using two questionnaires, one addressed to personnel of municipalities and counties, and another
addressed to personnel of suppliers of Norwegian public authorities (many of them were members of the
Confederation of Norwegian Enterprises). Results showed that GPP is significantly more established in
large municipalities than in small ones because large municipalities have more resources for establishing
a purchasing department which can generate knowledge and develop purchasing strategies.
In their econometric analysis, Testa et al. [44] showed that the size of public authorities and the
level of awareness of the existing tools for supporting GPP have a positive and significant effect on the
probability that they adopt GPP practices. In another survey of administrators at the municipalities
of Tuscany (Italy), Testa et al. [7] concluded that it is necessary to develop successful strategies,
well-trained personnel, and dispose of guidelines and tools for GPP.
Many authors concluded that one of the main difficulties in the implementation of GPP is the
vagueness and lack of clarity of the environmental criteria themselves [5,7,36], even Large et al. [45]
claimed contracting authorities do not consider the inclusion of environmental criteria because of the
difficulty of monitoring environmental conditions during the execution of the project.
Other authors have pointed out the importance of the environmental criteria within the awarding
process, as for example Igarashi et al. [46], who pointed out in a study of information and communication
technology (ICT) tenders in Norway, that the environmental criteria were the third most frequent award
criteria after price and quality, but with a lower weight than all other award criteria.
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2.1. Research on GPP Construction
Research and policies on GPP construction has not been given as much attention as products and
services, but interest has been increasing in recent years [17].
A traditional trend in research on public procurement has been the development of methodologies
for the selection of contractors. For example, Pastor et al. [47] developed a multi-criteria analytic
hierarchy process-analytic network process (AHP-ANP) methodology for the selection of criteria in
public contracts. Bendaña et al. [48] studied the implementation of neural networks and diffused
techniques in the selection of contractors, and Moretti et al. [49] developed a method based on
the weighted sum multi-criteria analysis to estimate environmental damage and choose the most
environmentally-friendly solutions.
The different authors proposed various environmental criteria in their methodologies, such as the
environmental characteristics of the company, the environmental management system (EMS) of the
company, and the environmental control of the project.
In reference to the EMS, Lam et al. [50] made a study in China about GPP and one of their conclusions
was that construction companies with environmental management systems (EMS) have similar attitudes
towards green specifications as companies without EMS, and that simply encouraging EMS in the
construction industry is insufficient to force the inclusion of green considerations. Testa et al. [7] concluded
in their study on GPP in the municipalities of Tuscany (Italy) that a certified EMS provides a growing
valued added factor to GPP practices and influences the percentage of green tenders.
Regardless of the possible influence on the improvement of GPP practices, it is necessary to
remember that from the point of view of a legal framework, at least in Spain, the possession of
a certified EMS cannot be used as a criterion for the adjudication of the contract and can only be used
as a criterion for the technical solvency of the bidder [51].
The European Commission published two documents in 2008 entitled ‘GPP training toolkit—
Module 3: Purchasing recommendations—construction: Background product report’ [52] and
‘Construction: GPP product sheet’ [53] in which examples of green criteria for each stage of a tender
are defined. The objective of these documents is to support public authorities in the implementation of
GPP. Two levels of criteria were defined: Core criteria and comprehensive criteria. The first level does
not increase the cost and complexity of the tendering criteria, while the second level does increase costs.
The baselines for both criteria are: life cycle assessment (LCA); use of environmental product
declarations (EPD) and their levels of CO2 emissions; use of materials with recycled and reused
content; and the requirement to reduce emissions generated by the transport of heavy materials. These
criteria are gradually being implemented and represent a branch of research at GPP. For example,
Butt et al. [54] studied in 2015 the LCA for the green procurement of roads and claimed that the
methodology was not integrated into the practice and that the boundaries of the LCA depended of
the hierarchy of the decision level and the stage in the planning process, so increasing the level of
consistency and transparency in pre-procurement and procurement phases. Similar conclusions were
made by Lenferink et al. [55] in research on design-build-finance-maintain (DBFM) contracts in Dutch
infrastructure projects.
The analysis of carbon footprint (CF) also can be used in GPP, as in the example developed by
Alvarez and Rubio [56] in the urban waterfront and riverside of a 30-km stretch of the River Manzanares
in Madrid (Spain). CF can act as a high stimulus for eco-innovation and reduced fuel consumption.
Very little research has been done regarding the level of implementation of GPP in the construction
sector. Kozik et al. (2016) [33] in Poland claimed that the level of implementation of solutions for green
public procurement in Polish public construction is mediocre and do not correspond to the content of
the strategic documents and the need for pro-environmental public spending.
Testa et al. [24] in their study on GPP in Italy concluded that 19% of public procurement used green
specifications as award criteria. If the analysis is focused only on the most economically advantageous
tender (MEAT) 87% of the procedures included green criteria and the average weight given to these
criteria was about 18%. The most common award criteria were the requirements related to energy
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performance with a percentage of 30% in the tenders—and with high value tenders more likely to
include green criteria. The authors did not find any correlation between the size of the procurer and
the greenness of tenders.
Fuentes-Bargues et al. [8] in a study on environmental criteria in Spanish public works
analyseanalysed a sample of a hundred projects tendered between 2008 and 2011, and found that the
use of environmental criteria was about 35% and the average weight was about 5.7 points. The most
used criterion was the environmental plan (EP) also called the environmental action plan (EAP)—but
such a plan needs a clear and complete definition of its content.
The use of environmental criteria within construction sector tenders in these last two studies is
lower than the European average of 40% according to the study of Renda et al. in 2012 [57] regarding
GPP in the EU27.
2.2. Research on GPP on Universities
Public universities are public authorities and subject to the same control mechanisms for contracts as
in public procurement, but very few studies have been conducted on GPP in the context of universities.
Mansi et al. [18] researched the impact of the demographic characteristics of procurement
professionals on sustainable procurement practices. The professionals in this study belonged to
39 Australian universities. For the environmental dimension of SP practices, conclusions from the
study show that gender (rather than age) influences procurement professionals. Women professionals
are positively associated with environmental procurement practices.
Bala et al. in 2006 [21] performed an analysis on green practices at the Autonomous University of
Barcelona. They made five case studies: office material; recycled toner cartridges; vending machines
(Fairtrade coffee); reusable glass bottles in vending machines; and catering services. The authors
concluded that there is no regular pattern for predicting success when trying to implement a suppliers’
greening program in public universities, but contract specifications, process implementation, market
characteristics, supply chain profiles, and supplier characteristics are factors that must be considered.
Pacheco-Blanco and Bastante-Ceca [19] examined sustainable consumption at Spanish public
universities. The research was carried out from two perspectives: External, with an analysis
of websites and their information; and internal, with a survey of environmental departmental
managers. Significant findings were that only 11 of 51 (21.5%) Spanish public universities had a public
procurement manual (and then only for certain budgetary headings) and that environmental criteria
were included mainly on food and catering services, gardening products and services, and copying
and graphics paper.
Other research that includes a brief analysis of GPP at universities is the study performed by
Fuentes-Bargues et al. [8]. In a sample of 100 projects analyseanalysed, twelve of the 100 projects were
tendered by Spanish universities. In eight of the twelve cases studied, purchasing managers use an
environmental criterion with a weighting between 3 and 5 points, and in one of the procedures the
weight was 7.5 out 100 points.
2.3. The Structure of Spanish Public Universities
The organisation of university education in Spain is established by Royal Decree 1393/2007, of 29
October, in accordance with the general guidelines of the European Higher Education Area (EHEA) [58].
The Spanish university system is made up of private and public universities, distributed
throughout the country (Figure 1). There are 52 public universities and 32 private universities. Public
universities are financed directly by the central state (National Distance University; Universidad
Nacional a Distancia—UNED), or through the regional governments; and private universities are
financed by private funds, student fees, and some public funds.
In the academic year 2015–2016, 1,143,223 students were studying at public universities and 178,475
at private universities [59]. Universities offer official degrees (undergraduate, master, and doctoral) and
university-specific degrees. The official degrees are designed by the universities in accordance with
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the general guidelines established by the state and must pass a verification and accreditation process.
By contrast, the university-specific degrees are independently designed by each university.
Spanish public universities accounted for 0.9% of GDP in 2013 and 74% of this expenditure
corresponded to labor costs [59], so the remaining 26% is related to products, services, and works—and
thus justify the importance of studying universities as public procurement bodies.
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3.1. Measureament T chniqu : Conten Analysis
The m thod sed i t is study is a c ntent analysis of the docum nts btained from calls for
tenders. Content analysis can be defined a a method of observation where the researcher analyses the
communication that a person has produced in order to understand their behaviour [60].
This research method is objective, systematic, quantifiable and generally applicable [61].
In this study, objective data from public ten er ocuments published at web pages of the public
administrations have been used, which allows the analysis to b produced by other r searchers
who wish to verify the results obtained. The contents have been analyseanalysed systematically, by
obtaining data from specific parts of collected tender documents.
The method is also characterized by the fact that it allows th results of the analysis to be
quantified, either by th numerical nature of the dat analyseanalysed r by their transformation and
parameterisation into indicators and metrics useful for the interpretation of the results.
Content analysis has been used previously on research about GPP, as a single method or combined
with other methods. Kippo-Edlund et al. (2005) [62] studied the uptake of green criteria by analysing
the content of tenders in Sweden, Norway, Denmark, and Finland in order to verify the influence of
environmental factors on award decisions. Bouwer et al. (2006) [39] investigated the uptake of GPP
practices in the EU 25 through a content analysis of a large sample. Parikka-Alhola et al. (2006) [42]
assessed tender calls and tender documents of 180 procedures published in 2005 in Denmark, Finland,
and Sweden to characterize all the elements and criteria of the MEAT.
Palmujoki et al. (2010) [25] analyses 156 tender documents to study environmental criteria in
the acquisition of goods and services in Sweden and Finland during two periods (2005 and 2007).
Testa et al. (2016) [24] studied the degree of GPP in the construction sector in Italy by analysing content
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over a sample of 164 tenders collected from all Italy. Fuentes-Bargues et al. (2017) [8] studied the use
of environmental criteria in public works over a sample of a hundred projects tendered in Spain.
In combination with other techniques, content analysis was used by Faith-Ell (2005) [63] in the
study of the application of environmental requirements in the procurement process of Swedish road
maintenance, and by Adham and Siwar (2012) [37] in the study of green public purchasing in the
Malaysian ICT sector.
3.2. Sample Selection
The tenders were collected from a Spanish government tender database (Plataforma de
Contratación del Sector Público, in Spanish) (Figure 2) and completed from the university websites.
The criteria for downloading the tenders were: Public authorities (universities); type of contract
(works); and deadline for the tender (between the 1 January 2016 and 31 December 2017). Works
tenders include, as defined by the European and Spanish legislation, the construction, maintenance,
and renovation of buildings, roads, airports, in all public facilities. The dates were chosen to include
the data for two full post-economic crisis years. The data collection process began in December 2017
and finished in March 2018.
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All the documentation available in the national database and the websites of the universities
was downloaded. The main documents analysed were the administrative specifications, the tender
notice, the technical documents, and the projects as complementary documentation. As in similar
investigations, it was not possible to obtain all the documentation for the proceedings [8,24,65].
The method is divided i to six steps. The fi st step is to study th project and the tendering
docume ts. In step two, each sample case was an lysed to locate any nvironm ntal criteria involved
in the tenders. These environmental criteria are analysed and classified by subsector (civil engineering
or building), geographical scope, and project budget. Thereafter, the weight of the environmental
criteria is analysed and classified by subsector, geographical scope, and project budget. Finally,
the environmental criteria identified is related with other criteria used in the tendering process.
In the next step, a discussion and comparison with the results from other studies is included. Lastly,
the conclusions are presented.
3.3. Characteristics of the Sample
A total of 361 procedures (N) were collected from the work tender calls of Spanish public
universities in 2016 and 2017. When a procedure is divided into batches, these have been regarded as
separate procedures. After a revision of the documentation, only 316 were useful for the analysis (N*).
The distribution for universities is presented in the Table 1.
Int. J. Environ. Res. Public Health 2018, 15, 1888 8 of 20
Table 1. Number and provenance of the procedures of the study sample.
University Region N N*
University of Almeria
Andalusia
0 0
University of Cadiz 6 6
University of Cordoba 5 5
University of Granada 6 6
University of Huelva 4 4
International University of de Andalusia 0 0
University of Jaen 10 10
University of Malaga 10 8
University Pablo of Olavide 0 0
University of Sevilla 22 22
University of Zaragoza Aragon 5 5
University of Oviedo Asturias 2 2
University of Basque Country Basque Country 16 16
University of La Laguna Canary Islands 9 8
University of Las Palmas of Gran Canaria 2 2
University of Cantabria
Cantabria
2 2
International University of Menendez Pelayo 0 0
University of Castile La Mancha Castile La Mancha 4 4
University of Burgos
Castile and Leon
5 5
University of Leon 13 11
University of Salamanca 22 22
University of Valladolid 23 7
Autonomous University of Barcelona
Catalonia
14 12
University of Barcelona 0 0
University of Girona 5 3
University of Lleida 4 3
University Pompeu Fabra 4 4
University Rovira i Virgill 3 3
Polytechnic University of Catalonia 7 7
University of Alcalá
Madrid
8 8
Autonomous University of Madrid 13 13
University of Carlos III 7 7
University of Complutense of Madrid 28 28
National University of Distance Education 2 2
University of King Juan Carlos I 3 3
Polytechnic University of Cartagena
Murcia
1 1
University of Murcia 23 23
Public University of Navarre Navarre 2 2
University of Alicante
Valencian Community
14 14
University Jaume I 4 0
University of Miguel Hernandez of Elche 5 5
Polytechnic University of Valencia 5 5
University of Valencia 9 4
University of Extremadura Extremadura 10 2
University of A Coruña
Galicia
2 2
University of Santiago of Compostela 9 7
University of Vigo 9 9
University of Balearic Islands Balearic Islands 2 2
University of La Rioja La Rioja 1 1
TOTAL 361 316
N are the number of procedures collected from the call for tenders; N* are the number of procedures that present all
the documentation for the analysis.
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The files were classified according to various criteria. One of these was the year of the call: 120
were tendered for 2016 and 196 for 2017.
The construction sector is divided into two subsectors. The building subsector includes all
types of buildings: housing, factories, offices, schools, and sports facilities. Civil engineering work
includes roads, ports, airports, railways, and water pipelines. In this case, within the building
subsector, a division has been made according to the characteristics of the works, distinguishing
between buildings and facilities (sanitation, air conditioning, electricity, etc.). Some 13.3% of the
sample represents civil engineering works, 55% represents buildings, and 31.7% represents facilities.
Some 64% of the sample was composed of competitive tenders—and auctions formed the
remaining 36%.
Five price levels were established according to the project budgets. The five levels were: Less than
€200,000 (48.7%); between €200,000 and €1,000,000 (37.7%); between €1,000,001 and €5,000,000 (10.5%);
between €5,000,001 and €10,000,000 (2.5%); and over €10,000,001 (0.6%).
Under Spanish public procurement legislation there are several types of legal requirements
that affect the time and complexity of the process, and a distinction is made between ordinary and
urgent processes. In the sample, 93.7% were processed under the ordinary procedure and 6.3% using
the urgent procedure. Another difference is between open procedures (all the firms reaching the
requirements may participate) and negotiated procedures with, and without, advertising (only selected
bidders can participate in such tenders, and the difference between with and without advertising is
determined by the amount of the budget). Some 71.8% were tendered using open procedures, 8.5% by
negotiated procedures with advertising, and 19.6% by negotiated procedures without advertising.
The common procurement vocabulary (CPV) code is a system for the identification and
categorization of all economic activities that may be engaged in by means of public or competitive
tender in the European Union [66]. These codes enable a classification to be made of the scope of the
project. Table 2 shows the main CPVs and the frequency used in the sample of study.
Table 2. CPV’s of the sample of study.
CPV Frequency Description
45,000,000 33 Construction work
45,214,400 33 Construction work for university buildings
45,214,000 27 Construction work for buildings relating to education and research
45,200,000 16 Works for complete or part construction and civil engineering work
45,261,900 14 Roof repair and maintenance work
45,330,000 14 Plumbing and sanitary works
45,343,200 14 Firefighting equipment installation work
45,300,000 12 Building installation work
45,210,000 11 Building construction work
45,310,000 11 Electrical installation work
4. Results
The results obtained in the tendering analysis show that 19.3% of the projects studied include
references to environmental criteria. If only the MEAT procedures are considered, then the percentage
reaches 30.2%. The definitions and descriptions of the different environmental tendering criteria
identified in the study sample are described in Table 3.
As can be seen in Table 3, the description of the different environmental criteria presents items
that are very similar, and mainly related to the improvement of the energy efficiency of equipment,
installations, and buildings. Environmental action plans (also termed within another criteria as
environmental management plans) also appear as one of the main environmental criteria used and
include the organisation of the environmental team, the actions to reduce and recycle the waste
generated during the work, measures to reduce the use of fossil fuels, and the increased use of
renewable energy.
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The possession of EMAS (Eco-Management and Audit Scheme), ISO 14001, or similar certificates
does not appear as an environmental tendering criterion. There are some references to preparing an
environmental plan, or waste management plan, according to the ISO 14000 rules.
All of the environmental criteria described in Table 3 are value judgement criteria, rather than
criteria valued through formulae. In some of the tendering documents appear partial scores for the
required items that integrate environmental criteria—but none show the rating scale of the items.
The distribution of environmental criteria in the construction sector shows that 7 of the 61 tenders
belong to the civil works subsector (11.5%), and 54 belong to the building subsector (88.5%). In the
former subsector, the tenders with environmental criteria total 7 out of 42 tenders (i.e., 16.7%). In the
building subsector, 54 of 274 tenders had environmental criteria (i.e., 19.7%), which reveals that the
use of environmental criteria is almost the same in both subsectors.
Table 4 identifies the universities that have used environmental criteria in the study tenders,
the number of times, and the percentage regarding the total tenders of the university identified in the
sample study. Some universities (Alicante, Jaen, and Polytechnic of Cartagena) use environmental
criteria in more than 90 per cent of their contracting procedures.
From the point of view of the contract execution budget (CEB), environmental criteria are included
in: 12.3% of the projects with a CEB of less €200,000; 23.5% of the projects with a CEB between
€200,001–€1,000,000; 33.3% of the projects with a CEB between €1,000,001–€5,000,000; 12.5% of the
projects with a CEB between €5,000,001–€10,000,000; and 100% with a CEB over €10,000,000.
Table 5 shows that tenders with environmental criteria are related with the type of administrative
processing of the procedure, and with the manner that bidders participate in the tender. Results show
environmental criteria are hardly ever used in negotiated procedures and in urgent tenders.
Tenders with environmental criteria have been classified according to the CPVs. Code 45000000
shows 14 procedures with environmental criteria (42.4% of the total procedures with this code); Code
45214400 with 6 procedures (21.2%); and Code 45214000 with 4 procedures (14.8%). These are the main
significant CPVs with environmental criteria, but no relationship can be established between specified
CPVs and environmental criteria.
The weighting of the environmental criteria in the sample was studied. The average weight of
the environmental criteria in the 61 works of the sample is 6.5 points over a hundred. The maximum
weight of the environmental criteria was 37 points over 100. In a project at the University of Valladolid
(construction of an R + D + i and specialized training building at the Duques de Soria Campus)
some environmental criteria were used. In this tender, one criterion had a weight of 19 points and
consisted of measures to improve the general sustainability of the building, improve the environmental
conditions, and obtain the highest possible LEED and VERDE rating. The most often used weighting
is ‘5 points’ (occurring on 29 occasions).
If a comparison is made between the weighting of the environmental criteria and the subsector
(Figure 3), then the most used weighting range for environmental criteria was between 5 and 9.9 points
over 100 (in both civil engineering and building subsectors).
In Figure 4 a comparison is made between the weight of the environmental criteria and the CEB,
and the results show that the most used weighting range for environmental criteria is between 5 and
9.9 points for projects with a CEB between €200,000 and €1,000,000. For all other bandings, there are
few projects and no substantial difference between weights.
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Table 3. Environmental criteria and its description in the study sample.
Description of the
Environmental Criterion
Frequency That
Environmental Criteria
(EC) Mentioned
Description
Energy efficiency and
sustainability improvements 13
Improvements related to the energy and environmental efficiency of the equipment installed and which result
in a reduction in electrical consumption, and providing an improvement in the performance of the new
installation.
Quality control plan and
environmental and quality
measures
9 Without description.
Environmental Action Plan 7
If the work is carried out within an environmental management framework using an EMAS, ISO 14001,
or equivalent certification system.
If the materials to be used by the tenderer comes from a recycling or reuse process.
Whether the materials to be used by the tenderer can be reused or recycled. These materials must comply with
technical specifications.
If the execution of the work includes any of the following measures: environmental management of land and
building materials; landscape restoration; reduction in the generation of waste; reduction in pollution by
discharges, noise, air or soil; reduction of visual, cultural, or sociological impact; limitation of impact on local
fauna and flora; reduction in the use of fossil fuels or use of renewable energy.
Quality management,
prevention, environment and
energy efficiency
4
Environmental management plan to be drawn up by the employer, or the joint venture, if awarded as a contract.
Environmental organisation chart proposed by the employer, or the joint venture, for the execution of the work
and that of the technicians working in environmental management, with a description of the environmental
responsibilities for each of the positions.
Technical improvements
related to project 3
The improvements will be justified as a priority in terms of the increase in the building’s performance in terms
of obtaining the highest LEED and VERDE rating, the general sustainability of the building, and any
improvement in the environmental conditions.
Quality and environmental
control 3
The contribution of an environmental management system will be assessed, including the technical and
economic resources that the bidder intends to use for this purpose.
Environmental management 3 Adequacy and development of the waste management plan.Environmental report for the work.
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Table 3. Cont.
Description of the
Environmental Criterion
Frequency That
Environmental Criteria
(EC) Mentioned
Description
Sustainability 3
The measures proposed by the company that involve improvements related to protecting the environment will
be assessed.
Improvements may be made during the construction process of the building (or to solutions or features that will
be integrated into the final result) that will make the building more sustainable and environmentally-friendly.
The measures to be considered include those that improve the energy consumption of the building, those that
lead to savings in water consumption, and the use of recycled materials or materials that are easily recoverable
or reusable at the end of their useful life. It will also be favourably assessed if the wood, forest products,
or processed products derived from wood, or other forest products that the company use in the works, have an
International FSC (Forest Stewardship Council) or PEFC (Programme for the Endorsement of Forest
Certification Schemes) certificate, or any other internationally recognised certificate confirming that the wood
comes from sustainably managed forests.
Environmental actions 2
An identification of the work units and operations that may generate environmental impacts, and therefore
require monitoring. An environmental vigilance plan must also establish a waste management and pollution
control system, according to ISO 14000 or similar, as well as the appropriate preventive and corrective measures.
Improvements in the field of
energy efficiency 2
Proposals that are considered an enhancement of the energy efficiency of the projected installation and without
additional cost will be considered.
Improvements to reduce
environmental impact 2
Replacement of conventional plastic paint with ecological paint: if petroleum or derivatives are used in the
manufacturing process, these are to be replaced with components strictly of mineral origin (silicates, calcium,
or clays), or vegetable origin (resins, oils or waxes).
Replacement of concrete in the project specifications by concrete made with recycled aggregates.
Use of products with recycled plastics in pipes and conduits (as permitted).
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Table 4. Distribution of environmental criteria by universities.
University Number of Times Environmental Criteria Used(EC) EC/N* (%)
University of Alicante 13 92.9
University of Jaen 9 90
University of Malaga 7 87.5
Polytechnic University of Catalonia 5 71.4
Polytechnic University of Valencia 4 80
University of Granada 4 66.7
Autonomous University of Barcelona 4 33.3
University of Valencia 3 75
University of Castile La Mancha 3 75
University of Valladolid 3 42.9
University of Murcia 2 8.7
University of Lleida 1 33.3
University RoviraiVirgill 1 33.3
Polytechnic University of Cartagena 1 100
University of Seville 1 4.5
N* are the number of procedures that present all the documentation for the analysis.
Table 5. Environmental criteria according to the type of administrative processing and participation approach.
Type of Administrative Processing Tenders with Environmental Criteria Total Tenders
Ordinary 59 296
Urgent 2 20
Method of Participation Tenders with Environmental Criteria Total Tenders
Opened 50 227
Negotiated with advertising 8 27
Negotiated without advertising 3 62
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Finally, the relationship between environ ental criteria and other criteria used in the tendering
process was studied. In the 61 projects identifie it e ir n ental criteria, the main tendering
criteria was: price (all projects); work progr r jects); enhancement of the gu rantee
period (27 of 61 projects); de cription of the c nstruction process (26 of 61 projects); and enhancements
off red (23 of 61 projects). Criteria such as quality systems and health and safety procedures were
used in few r procedures. No r lationship can be est blished betwe n the weight of the environmental
criterion (6.7%) and the weight of other criteria; but t e relative importance of the environmental criteria
in the 61 procedures can be indicated. Price is the criterion with the greatest weight (55.5%), followed
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by work programme (24.6%), description of the construction process (18.1%), enhancements (10.6%),
and completion time (8.8%). Environmental criteria have similar weights to the guarantee period
(6.8%) and quality systems (6.6%)—and higher weights than health and safety procedures (4.1%).
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5. Discussion
In the study sample, 19.3% of the Spanish public universities use environmental criteria when
contracting construction projects. This value is lower than the 40% average in the EU27 in 2012 as
defined by Re da et al. [57]; and is als lower than a recent study made in Spain from a sample of
a hundred projects nd in hich 35% included nvironmental criteria [8]. However, the percentage
is equal to a st y performed by Testa et al. with tendered works between 2012 and 2013 in
Italy [24], where 19% of the procedures included green specifications s award crit ria; and similar
to another study onduct d in Italy in 2010, also by Testa et al. [44], with 23% of procedures. There
are some explanations for these differences. Firstly, there is a clear difference between Mediterranean
countries and the ‘Green 7’ (Sweden, Germany, Austria, Denmark, United Kingdom, Netherlands and
Finland) [39,57]. Secondly, and in agreement with Pacheco-Blanco et al. [19] and Bala et al. [21], there is
still a long way to go to improve the environmental dimension within university procurement. Thirdly,
and as previously indicated by Testa et al. [24], results obtained from the analysis of the call for tenders
are more conservative than the results obtained by surveys of public administration managers.
Table 3 shows the description of the environmental criteria used in the contracts in the sample.
All the criteria are assessed with value judgment criteria and the criterion most often used is ‘energy
efficiency and sustainability improvements’. This criterion is aligned to the main criteria indicated by
the European Commission guide on GPP [53] and is in concordance with the research of Testa et al. [24]
in Italy (in this case, the main criterion was energy performance). This criterion reflects the numbers
construction projects tendered by Spanish public universities (mainly buildings, building installations,
and space conditioning for parking or sports annexes).
Enhanced aspects, as defined by Commission European Guides on GPP [52,53] and/or described
in previou research [54,56], such as life cycle assessm nt (LCA), or carbon footprint (CF), do ot appear
in the env ronmental criteria for working contracts, even if there are references within other criteria,
such as the LCA, or char cteristics of th materials used, b th in buildings and civil engineering works.
Environmental plans (EPs) or environment l actio plans continue as o e of the main environmental
criteria and, in the same way as in the study of Fuent s-Bargues et al. [8], a standardization and/or
a guide for the elaboration of the EP is necessary. Several items are repeatedly integrated into EPs,
such as preventive and corrective project measures, the use of recycled and reused materials, and the
environmental procedures of the tendering company, promoting the relationship with the EMS, ISO 14001,
or equivalent certification systems used by the company.
EMS, ISO 14001, or similar certification systems, are not used directly as award criteria,
in compliance with European directives [26,27] and Spanish legislation [28,29,51], but are used as a part
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of other criteria, or for coordinating environmental measures for working with the environmental
systems of companies (Table 3), since they are essential for encouraging good environmental practices
in companies and achieving a sustainable construction systems [7].
As mentioned above, the intrinsic characteristics of the universities mean that public works belong
mainly to the building subsector—but the percentage of environmental criteria in this subsector is only
slightly higher than the civil engineering subsector, so it can be aligned with previous research where
it was affirmed that the use of environmental criteria is more common in civil engineering works than
in building works [8].
No conclusions on the use of environmental criteria can be associated with the geographical
distribution of the universities. It can simply be said that there is no homogeneity between the
behaviour of universities. There are some that do not use environmental criteria and others that
make considerable use of them. This result is in line with that obtained by Pacheco-Blanco and
Bastante-Ceca [19] regarding environmental performance in the tendering of products and services in
the study of Spanish universities.
Some aspects of the contracting process have been studied to determine if these influence the
use of environmental criteria, and it can be affirmed that the CPV code, the type of administrative
processing, and the method of participation have no influence. It can be concluded that environmental
criteria is hardly ever used in negotiated procedures and in urgent processes.
The results of the study show how the use of environmental criteria is widespread in projects
with budgets above €10,000,000 (100%), and between 25% and 34% in those projects with budgets
between €200,000 and €5,000,000. Such criteria are less used in projects with budgets below €200,000
(12.3%). Therefore, depending on the complexity and/or the size of the project, a certain relationship
between project budget and the use of environmental criteria can be established.
Regarding the importance of environmental criteria within the contracting process, it must be
pointed out that the average weighting for such criterion (compared to the total tender) in this study
is 6.5 points out of 100, slightly higher than the 3–5 points obtained by Palmujoki et al. [25] in their
research in Sweden and Finland, as well as the 3.3 points obtained by Nissinen et al. [41] in Sweden,
Finland and Denmark. This weight is similar to the results obtained by Igarashi et al. [51] in Norway,
Fuentes-Bargues et al. in Spain [8], and Testa et al. in Italy [24].
Environmental criteria are fifth in importance in the study sample, after price, work program,
the description of the construction process, any enhancements in the project, and delivery time.
It has the same or greater importance than the guarantee period, quality systems, and health and
safety procedures. This level of importance is in concordance with previous studies [8,51], but with
slightly better results for relative weights. This data confirms affirmations in other studies about
the little importance attached to the environmental criteria by public administration managers and
technicians [7,8,24].
6. Conclusions
GPP is an important topic for sustainable development that should be further developed and
whose future implementation needs to be better defined. The research results could help public
authorities related to the public construction sector, such as Spanish public universities.
The results of this study show that the use of environmental criteria in the works tendered
by Spanish public universities is low (19.2%) in comparison with the results of other studies in
local, regional, and national administrations in Spain and other European countries. It is necessary
to encourage GPP practices in the contracting process in order to comply with the environmental
policies that various universities have defined as part of their institutional policies. As part of the
encouragement of GPP practices, plans for environmental training of the administration’s technical
staff in public universities should be included.
The main environmental criterion used in the public procurement of works at Spanish public
universities is improvements in the energy efficiency of the equipment, installations, and buildings;
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however, a formula or objective approach for evaluation it is undefined. The other environmental
criteria identified in the research are assessed by value judgement, so it is necessary to develop
indicators or formulae for environmental items to improve the relationship of the criteria with the
object of the project and so facilitate an objective assessment of the criteria.
The use of environmental criteria in tenders by Spanish public universities is similar in both the
building and civil engineering sub-sectors, and more used in projects with higher budgets. This cannot
be associated with the staff, nor the size of the universities; and can only be associated with the
complexity and size of the projects, environmentally and/or economically.
The average weighting of the environmental criteria was found to be low (6.5 points out of 100):
fifth in importance in the sample after price, work programme, the description of the construction
process, project enhancements, and delivery time—but with the same or even greater importance than
the guarantee period, quality systems, and health and safety procedures.
This research can be extended to other types of Spanish public administrations and/or other
countries to discover the current status of GPP applications and provide starting points for the
development of tools that encourage sustainable public procurement and valuation tools for the
assessment of the environmental criteria in the contracting process.
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AHP analytic hierarchy process
ANP analytic network process
AUB Autonomous University of Barcelona
CEB contract execution budget
CF carbon footprint
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DBFM design-build-finance-maintain
EAP environmental action plan
EHEA European Higher Education Area
EMAS eco-management and audit scheme
EMS environmental management systems
EPD environmental product declarations
EP environmental plan
FSC Forest Stewardship Council
GDP gross domestic product
GPP green public procurement
ICT information and communication technology
LCA life cycle assessment
MEAT most economically advantageous tender
OECD Organization for Economic Co-operation and Development
PEFC Programme for the Endorsement of Forest Certification Schemes
SCP sustainable consumption and production
SPP sustainable public procurement
TED tenders electronic daily
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Int. J. Environ. Res. Public Health 2018, 15, 1888 17 of 20
References and Notes
1. United Nations Global Marketplace (UNGM). Gender Responsive Procurement. Available online: https:
//www.ungm.org/Shared/KnowledgeCenter/Pages/PT_GRP (accessed on 17 July 2018).
2. Organization for Economic Co-Operation and Development (OECD). Bribery in Procurement, Methods, Actors
and Counter-Measures; OECD: Paris, France, 2007.
3. PricewaterhouseCoopers, Significant and Ecofys. Collection of Statistical Information on Green Public
Procurement in EU—Report on Data Collection Result; PricewaterhouseCoopers, Significant and Ecofys:
Amsterdam, The Netherlands, 2009.
4. Wong, J.M.W.; Chiang, Y.H.; Ng, T.S. Construction and economic development: The case of Hong Kong.
Constr. Manag. Econ. 2008, 26, 815–826. [CrossRef]
5. Zhu, Q.; Geng, Y.; Sarkis, J. Motivating green public procurement in China: An individual level perspective.
J. Environ. Manag. 2013, 126, 85–95. [CrossRef] [PubMed]
6. Erdmenger, C. (Ed.) Public purchasing: A new, old policy tool. In Buying into the Environment: Experiences,
Opportunities and Potential for Eco-Procurement; ICLEI: Sheffield, UK, 2003; pp. 9–17.
7. Testa, F.; Annunziata, E.; Iraldo, F.; Frey, M. Drawbacks and opportunities of green public procurement:
An effective tool for sustainable production. J. Clean. Prod. 2016, 112, 1893–1900. [CrossRef]
8. Fuentes-Bargues, J.L.; González-Cruz, M.C.; González-Gaya, C. Environmental criteria in the Spanis Public
Works Procurement Process. Int. J. Environ. Res. Public Health 2017, 14, 204. [CrossRef] [PubMed]
9. United Nations. Sustainable Procurement: Buying for a Better World. In The United Nations Sustainable
Procurement Guide—Resource Book of the UN Sustainable Procurement Training; United Nations: Geneva,
Switzerland, 2008.
10. Uttam, K.; Balffors, N.; Faith-Ell, C. Green Public Procurement (GPP) of construction and building materiales.
In Eco-Efficient Construction and Building Materials; Woodhead Publishing Limited: Oxford, UK, 2014;
Chapter 9; pp. 166–195.
11. European Commission. Communication from the Commission to the European Parliament, the Council, the European
Economic and Social Committee and the Committee of the Regions; Public Procurement for a Better Environment;
COM (2008); European Commission: Brussels, Belgium, 2008; Volume 400/2.
12. Kottner, A.; Stofova, L.; Leskova, L. Indicators of Green Public Procurement for Sustainable Production.
In Production Management and Engineering Sciences; ROUTLEDGE in Association with GSE Research:
Boca Raton, FL, USA, 2016; pp. 435–442.
13. Li, L.; Geiser, K. Environmentally responsable public procurement (ERPP) and its implications for integrated
product policy (IPP). J. Clean. Prod. 2005, 13, 705–715. [CrossRef]
14. Edler, J.; Georghiou, L. Public procurement and innovation—Resurrecting the demand side. Res. Policy 2007,
36, 949–963. [CrossRef]
15. Xu, S.; Chu, C.; Ju, M.; Shao, C. System Establishment and Method Application for Quantitatively Evaluating
the Green Degree of the Products in Green Public Procurement. Sustainability 2016, 8, 941. [CrossRef]
16. Nikolaou, I.E.; Loizou, C. The Green Public Procurement in the midst of the economic crisis: Is it a suitable
policy tool? J. Integr. Environ. Sci. 2015, 12, 49–66. [CrossRef]
17. Cheng, W.; Appolloni, A.; D’Amato, A.; Zhu, Q. Green Public Procurement, missing concepts and future
trend—A critical review. J. Clean. Prod. 2018, 176, 770–784. [CrossRef]
18. Mansi, M.; Pandey, R. Impact of demographic characteristics of procurement professionals on sustainable
procurement practices: Evidence from Australia. J. Purch. Supply Manag. 2016, 22, 31–40. [CrossRef]
19. Pacheco-Blanco, B.; Bastante-Ceca, M.J. Green public procurement as an initiative for sustainable
consumption. An exploratory study of Spanish public universities. J. Clean. Prod. 2016, 133, 648–656.
[CrossRef]
20. Wright, T.; Horst, N. Exploring the ambiguity: What faculty leaders really think of sustainability in higher
education. Int. J. Sustain. High. Educ. 2013, 14, 209–227. [CrossRef]
21. Bala, A.; Ysern, P.; Muñoz, P.; Rieradevall, J. Green purchasing in the Universitat Autònoma of Barcelona
(UAB). In Proceedings of the LCM 2005—Innovation by Life Cycle Management International Conference,
Barcelona, Spain, 5–7 September 2005; pp. 342–346.
Int. J. Environ. Res. Public Health 2018, 15, 1888 18 of 20
22. Taipale, K. From light green to sustainable buildings, in the Worldwatch Institute. In State of the World
2012—Moving toward Sustainable Prosperity; The Worldwatch Institute: Washington, DC, USA, 2012;
pp. 129–136.
23. FIEC. Annual Report 2013. Brussels. Available online: http://www.fiec.eu/en/library-619/annual-report-
english.aspx (accessed on 15 November 2017).
24. Testa, F.; Grappio, P.; Gusmerotti, N.M.; Iraldo, F.; Frey, M. Examining green public procurement using
content analysis: Existing difficulties for procurers and useful recommendations. Environ. Dev. Sustain. 2016,
18, 197–219. [CrossRef]
25. Palmujoki, A.; Parikka-Alhola, K.; Ekroos, A. Green Public Procurement: Analysis on the Use of
Environmental Criteria in Contracts. Rev. Eur. Community Int. Environ. Law 2010, 19, 250–262. [CrossRef]
26. European Union. Directive 2014/24/EU of the European Parliament and of the Council of 26th February, on
public contracts and repealing Directive 2004/18/UE. Off. J. Eur. Union 2014, L94, 65–242.
27. European Union. Directive 2004/18/EC of the European Parliament and of the Council of 31th March 2004,
on the coordination of procedures for the award of public works contracts, public supply contracts and
public service contracts. Off. J. Eur. Union 2004, L134, 114–240.
28. Law 30/2007 of 30th October on Public Contracts. Boletín Oficial del Estado nº 261. 2007, pp. 44336–44436.
Available online: https://boe.es/buscar/doc.php?id=BOE-A-2007-18874 (accessed on 17 December 2017).
(In Spanish)
29. Royal Decree 3/2011 of 14th November that Approves the Restated Text of the Law on Public Sector
Contracts. Boletín Oficial del Estado nº 276, 2011. 117729–117914. (In Spanish)
30. Law 9/2017 of 8th November on Public Contracts, Transposing European Parliament and Council Directives
2014/23/EU and 2014/24/EU of 26th February into Spanish Law. Boletín Oficial del Estado nº 272, 2017.
107714–108007. (In Spanish)
31. Carlsson, L.; Waara, F. Environmental concerns in Swedish local government procurement. In Advancing
Public Procurement: Practices, Innovation and Knowledge-Sharing; Thai, K.V., Piga, G., Eds.; PrAcademic Press:
Boca Raton, FL, USA, 2006; pp. 239–256.
32. Melissen, F.; Reinders, H. A reflection in the Dutch Sustainable Public Programme. J. Integr. Environ. Sci.
2012, 9, 27–36. [CrossRef]
33. Kozik, R.; Karasinska-Jaskowiec, I. Green Public Procurement—Legal base and instruments supporting
sustainable development in the construction industry in Poland. In E3S Web of Conferences, Proceedings of
the 1st International Conference on the Sustainable Energy and Environment Development (SEED 2016), Krakow,
Poland, 17–19 May 2016; EDP Sciences: Les Ulis Cedex, France, 2016; Volume 10, p. 00044. [CrossRef]
34. Swanson, M.; Weissman, A.; David, G.; Socolog, M.; Davis, K. Developing priorities for greener stage
government purchasing: A California case study. J. Clean. Prod. 2005, 13, 669–677. [CrossRef]
35. Ju, M.; Zhang, L.; Ren, H.; Yang, Z. Public Green Procurement in China: Development Course, Program
Management and Technical Methods, Sustainable Public Procurement in Urban Administration in China: An Action
under Europe’s Aid SWITCH-Asian Program Paper; No. 02-EN/CH; KPMG: Hong Kong, China, 2009.
36. Ho, L.W.P.; Dickinson, N.M.; Chan, G.Y.S. Green Procurement in the Asian Public sector and the Hong-Kong
private sector. Nat. Resour. Forum 2010, 34, 24–38. [CrossRef]
37. Adham, K.N.; Siwar, C. Empirical investigation of government green procurement (GPP) practices in
Malaysia. OIDA Int. J. Sustain. Dev. 2012, 4, 77–88.
38. Nguyen, H.T.; Skitmore, M.; Gray, M.; Zhang, X.; Olanipekun, A.O. Will green building development take
off? An exploratory study of barriers to green building in Vietnam. Resour. Conserv. Recycl. 2017, 127, 8–20.
[CrossRef]
39. Bouwer, M.; De Jong, K.; Jonk, M.; Berman, T.; Bersani, R.; Lusser, H.; Nissinen, A.; Parikka, K.;
Szuppinger, P. Green Public Procurement in Europe 2005—Status Overview. Virage Milieu and Management
bv, Haarlem, The Netherlands, 2006. Available online: http://ec.europa.eu/environment/gpp/pdf/
Stateofplaysurvey2005_en.pdf (accessed on 15 July 2017).
40. Ochoa, A.; Führ, V.; Günther, D. Green purchasing in practice: Experiences and new approaches from the
pioneer countries. In Buying into the Environment: Experiences, Opportunities and Potential for Eco-Procurement;
Erdmenger, C., Ed.; Greenleaf Publishing Limited: Sheffield, UK, 2003; pp. 20–29.
41. Nissinen, A.; Parikka-Alhola, K.; Rita, H. Environmental criteria in the public purchases above the EU
threshold values by three Nordic countries: 2003 and 2005. Ecol. Econ. 2009, 68, 1838–1849. [CrossRef]
Int. J. Environ. Res. Public Health 2018, 15, 1888 19 of 20
42. Parikka-Alhola, K.; Nissinen, A.; Ekroos, A. Green Award Criteria in the Most Economically Advantageous
Tender in Public Purchasing. In Advancing Public Procurement: Practices, Innovation and Knowledge-Sharing;
Thai, K.V., Piga, G., Eds.; PrAcademic Press: Boca Raton, FL, USA, 2006; pp. 257–279.
43. Michelsen, O.; De Boer, L. Green procurement in Norway: A survey of practices at the municipal and county
level. J. Environ. Manag. 2009, 91, 160–167. [CrossRef] [PubMed]
44. Testa, F.; Iraldo, F.; Frey, M.; Daddi, T. What factors influence the uptake of GPP (green public procurement)
practices? New evidence from an Italian survey. Ecol. Econ. 2012, 82, 88–96. [CrossRef]
45. Large, R.O.; Thomsen, C.G. Drivers of green supply management performance: Evidence from Germany.
J. Purch. Supply Manag. 2011, 17, 176–184. [CrossRef]
46. Igarashi, M.; De Boer, L.; Michelsen, O. Investigating the anatomy of supplier selection in green public
procurement. J. Clean. Prod. 2015, 108, 442–450. [CrossRef]
47. Pastor-Ferrando, J.P.; Aragonés-Beltrán, P.; Hospitaler-Pérez, A.; García-Melón, M. An ANP and AHP based
approach for weighting criteria in public works bidding. J. Oper. Res. Soc. 2010, 61, 905–916. [CrossRef]
48. Bendaña, R.; Del Caño, A.; De la Cruz, P. Contractorselection: Fuzzy control approach. Can. J. Civ. Eng. 2008,
35, 473–486. [CrossRef]
49. Moretti, L.; Di Mascio, P.; D’Andrea, A. Green Public Procurement criteria for road infrastructures: State of
the art and proposal of a weighted sum multi-criteria analysis to assess environmental impacts. ARPN J.
Eng. Appl. Sci. 2017, 12, 4887–4894.
50. Lam, P.T.I.; Chan, E.H.W.; Chau, C.K.; Poon, C.S.; Chun, K.P. Environmental management system vs green
specifications: How do they complement each other in the construction industry? J. Environ. Manag. 2011,
82, 788–795. [CrossRef] [PubMed]
51. Junta Consultiva Contratación Administrativa (JCCA). Report 73/04 of 11th March 2005. Los Criterios
Medioambientales en la Contratación Administrativa. Los Certificados Ambientales Como Criterio de
Solvencia. Improcedencia de los Mismos Como Criterio Objetivo de Adjudicación. Available online:
http://www.hacienda.gob.es/Documentacion/Publico/D.G.%20PATRIMONIO/Junta%20Consultiva/
informes/Informes2005/Informe%2073-04.pdf (accessed on 15 July 2017). (In Spanish)
52. European Commission. Green Public Procurement (GPP) Training Toolkit—Module 3: Purchasing
Recommendations—Construction: Background Product Report. Brussels. 2008. Available online: http://ec.
europa.eu/environment/gpp/pdf/toolkit/construction_GPP_background_report.pdf (accessed on 20 April 2018).
53. European Commission. Construction: Green Public Procurement Product Sheet. Brussels. 2008. Available
online: http://ec.europa.eu/environment/gpp/pdf/toolkit/construction_GPP_product_sheet.pdf (accessed
on 20 April 2018).
54. Butt, A.A.; Toller, S.; Birgisson, B. Life cycle assessment for the green procurement of roads: A way forward.
J. Clean. Prod. 2015, 90, 163–170. [CrossRef]
55. Lenferink, S.; Tillema, T.; Arts, J. Towards sustainable infrastructure development through integrated
contracts: Experiences with inclusiveness in Dutch infrastructure projects. Int. J. Proj. Manag. 2013, 31,
615–627. [CrossRef]
56. Alvarez, S.; Rubio, A. Carbon footprint in Green Public Procurement: A case of study in the services sector.
J. Clean. Prod. 2015, 93, 159–166. [CrossRef]
57. Renda, A.; Pelkmans, J.; Egenhofer, C.; Schrefler, L.; Luchetta, G.; Selcuki, C. The Uptake of Green Public
Procurement on the EU27. CEPS, Submitted to the European Commission, DG Environment, Brussels. 2012.
Available online: http://ec.europa.eu/environment/gpp/pdf/CEPS-CoE-GPP%20MAIN%20REPORT.pdf
(accessed on 18 May 2018).
58. Royal Decree 1393/2007 of 29th October Establishing the Organization of Official University Education.
Boletín Oficial del Estado nº 260. 2007, pp. 44037–44048. Available online: https://www.boe.es/buscar/act.
php?id=BOE-A-2007-18770 (accessed on 10 May 2018). (In Spanish)
59. CRUE (Conference of Rectors of SpanishUniversities/Conferencia de Rectores de Universidades Españolas).
La Un1versidad Española 3n Cifr4s. 2017. Available online: http://www.crue.org/Documentos%
20compartidos/Publicaciones/Universidad%20Espa%C3%B1ola%20en%20cifras/UEC_Digital_WEB.pdf
(accessed on 18 May 2018). (In Spanish)
60. Kerlinger, F.H. Foundations of Behavioral Research: Educational and Psychology Inquiry; Holt Rinehart & Winston:
New York, NY, USA, 1964.
Int. J. Environ. Res. Public Health 2018, 15, 1888 20 of 20
61. Fernández, F. El análisis de contenido como ayuda metodológica para la investigación. Revista de Ciencias
Sociales 2002, 96, 35–53.
62. Kippo-Edlund, P.; Hauta-Heikkilä, H.; Miettinen, H.; Nissinen, A. Measuring the Environmental
Soundness of Public Procurement in Nordic Countries: Tema Nord 2005:505, Nordic Council of Ministers,
Copenhagen. Available online: http://www.norden.org/pub/miljo/miljo/sk/TN2005505.asp (accessed on
17 November 2017).
63. Faith-Ell, C. The Application of Environmental Requirements in Procurement of Road Maintenance in
Sweden. Ph.D. Thesis, Land and Water Resources Engineering, Royal Institute of Technology, Stockholm,
Sweden, 2005.
64. Plataforma de Contratación del Sector Público. Available online: https://contrataciondelestado.es/wps/
portal/licitaciones (accessed on 17 December 2017). (In Spanish)
65. Fuentes-Bargues, J.L.; González-Gaya, C.; González-Cruz, M.C. La contratación pública de obras: Situación
actual y puntos de mejora. Informes de la Construcción 2015, 67, e058. [CrossRef]
66. European Union. Common Procurement Vocabulary. Available online: https://ec.europa.eu/growth/single-
market/public-procurement/rules-implementation/common-vocabulary_es (accessed on 18 May 2018).
© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).
